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E2) tt, (13) -C«Stt, iH(:ioVt'j7 7V^iW^ 

[0 10 1] 

Mfcl 1] 



£ 2 = |**Zre/ - XYZextf- • -(13) 
[0 10 2] 

[0 10 3] 

M;*;M^fcLTa; (14) «3*i**©#*ffi**i.* 0 

[0 10 4] 



mtm 2003-3073461 



ijf m 2002-375423 



[mi 2] 



0.476 0.905 0.261 -0.691 
0.2 1.154 - 0.061 -0.292 
-0.004 0.148 0.148 - 0.481 



•(14) 



[0 1 0 5 J 

zm$<Dmmi&T~?^<7)^ (1 5) ^£*i&£Lt»i=k ^t^mj 

(LinearM) fi N J^T<7) <fc ? K LTjfm£*i£ 0 
[0 10 6] 
RGBout = [R 0l Go ( B 0 ] t ♦ • - (15) 

^{iITU-R709.BT^h';^x^#^ (16) X^fi, ^ITU-R709.BT^ h 
V **©*vM*xfc.fc J?^; (1 7) ^HtBS^o 
[0 10 7] 
[iU3] 



X 
Y 
Z 



R 



sRGB 



sRGB 



sRGB 



R 



sHGB 



sRGB 



'sRGB 



0.4124 0.3576 0.1805 
0.2126 0.7152 0.0722 
0.0193 0.1192 0.9505 

3.2406 -1.5372 -0.4986 
-0.9689 1.8758 0.0415 
0.0557 - 0.204 1.057 



• * -(16) 



Y 
Z 



-(17) 



[0 10 8] 

5£ (1 2) «(15) ^1^(17) OITU-R709.BT 

v^>jnolv^.;^^;J;^ ^ (1 8) nmmzn&o *(i8) o^s 

[0 10 9] 
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Mfcl 4] 



*0 




• 3.2406 


-1.5372 


-0.4986- 




a0 


a2 


a3 


a4' 








-0.9689 


1.8758 


0.0415 


• 


a4 


a5 


a6 


al 


m 


B 0 




0.0557 


-0.204 


1.057 




a8 


a9 


alO 


all 





G2 t 



•(18) 



[0 110] 

•f" 3X4W'J-7Yh'J^^ (LinearM) ii5£ (19-1) 

MAlf, 5$ (14) H 1 5 KsFf-fl-ftfl- 

4-fe^^-v-f ij -T^h V^Xfi, 5£ (l 9-2 

[0 111] 

mi 5] 



LinearM 



LinearM 



la 12 13 /4 

/4 /5 16 11 

18 19 110 111 
3.2406 -1.5372 - 0.4986 

-0.9689 1.8758 0.0415 
0.0557 - 0.204 1.057 
1.238 1.084 0.228 -1.55 

-0.087 1.295 -0.309 0.101 

-0.018 - 0.029 1.535 - 0.485 



aO a2 
a4 a5 



a3 
a6 



a4 
al 



aS a9 alO all 



•••(19-2) 



■•(19-1) 



[0 112] 

£<Mf# (R, Gl, G2, B) iZM Lt7 h V ? XtimZft 7 Z\ t § £ (7) 

T\ i2i:gfff^i it*»t*«ioj:^jc, ff^fcSfcjfcLfcfcfc 



mSE#2 003-30734 
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[0 113] 
[0 114] 

&±<D±T\,zLxftmzn.tz, mux, mi sK^wbmmmztirt** 

[0 115] 

^tBAtt 'J 7 7 V>^f ^Labfe^C^lt^M^©^ (2 0) J; 

[0 116] 
[gfcl 6] 



AE = V(^i -^ 2 ) 2 + (*i - « 2 ) 2 + & -& 2 ) 2 - * -(20) 
[0 117] 

L r L 2 fi2o^ M ^(), ai-a 2 . b r b 2 li2ooKft.ofe 
[0 118] 

Hi 7tt, * (2 0) UJ:*K[flj«f*ft^H-C**o 01 7 fcjjr*- J: } fc, 
3fe*7-7<;u^^it^^^f^it<7)^{ifeM^ r3. 3 2J 
K**LT, 46*9-7^ ^^^»tfe*L*JWfc««fljJ|i^tt fl. 3 9J T* 

[0 119] 

(HI 8tCi$v>r(±, 10Rt*» T4 9. 4J,G«**T6 4. 1 _K B 

»«T14 9. 5J tSti, *#R2©Rt*» T6 6. 0J.G**T6 3. 7 
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^s — S/ 



J\ Bit** Tl 5 5. 6J i:^W,tot, 4fe*9-7* **|c*wc 
[0 12 0] 

JiLLKis^Tii, 4^7-7^^611^ ieC/Tt^C, g 1 7 -f ^ 

3WK*t&*L4 i d J: 0*J*3*l* Lfc*», m l 9 KtjtT £ $ fcBfliK 

i0#*$^*J:-9tcLTfeJ:v» o mi 9 fcacMfe*?-? < 6 1 

[0 12 1] 

tZZX\ &m (A E-fit) SribJx^iJ:^^ v- 7 vl>>jnitM^ 

^**««*«H4t:^i-j:^ t c3tafoTv^i:S^j±, * (2 1) oian- 

[0 12 2] 
[^1 7] 



V(A) 




" 6.56 


-5.54 


1.18 




><A)- 








-2.01 


3.12 


-0.16 


• 




•••(21) 


Z>'(A) 




0.12 


-0.28 


1.07 




6(A) 





[0 12 3] 

'^-77 f ij ^«M^f 1 Lmifel^t^^i, Xjftfl*fc 
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^— v 



mn«>«je«>mtt. ^fr tt ; SWW , ')=t7h«««m« 

[0 12 4] 
[0 12 5] 

KfeffSffiWlAE (M) 0£tt*fir*v> Ur^S5 1) . oJc^Xft 
* tt **' N (M) Uf^S52) , o^« EEV 

(M) Ofc|***r*v» Uf^S53) , *LT, »NB»»EEV (M) fc* 
^V^hy^dRMt^ Uf^S54) . ft*, ^-^5 
•e«±, fF*SB*EEV (M) O^^it^^tcj:^^^^^ ^ 

[0 12 6] 

-h^i-^,«^^,^^^ 0 *^f t - hi:Lm Macbeth Co 
lor Checker, Digital Camera Color Checker, IT8.7^0^^-ft fe¥M ^ 



ffilE#2 003-3073461 



#12 0 0 2-3 7 5 4 2 3 

[0 12 7] 

Mst^iAE (m) <Dfem Uf7ys5D K^xwn-tz 

*Ub G fc*5, ^tatli, RGB*U YCbCHtXttXYZ«*«t^#x.^*i.&^. 
Ara<OBI<^mx.^*tLT^^^^>fe^ra^ (L*a*b*ffi. L*u*v*lt^) 

ft-h^kf@^7w^,foSife^ ref _ k (L* refij a * ref k> b * r 

ef.k^U HiftftiOtBMtLW^a'shotJc. a* shot _ k , b* shot _ k ) 
fcl-^t. I^7fWfeiAE k i^ (2 2) Oi^:f^ 0 
[0 12 81 
[»1 8] 

[0 12 9] 

-feSllttJgHAE (M) t LT«, h<7)r§-/N°.y^^ip^ A 

[0 13 0] 

[mi 9] 

1 TotatPatcfiNum 

AE fW -A£\ • • • (23) 

TotalPatchNum J * * V ' 

[0131] 

fc**U w k W\ ^<y^tcWt***#»t««:*^L, TotalPatchNumfi, 
[0 13 2] 



tHiE#2 003-3073461 



#H 2002-375423 ^- *J ; 3( 



[0 13 3] 



fcBIE#2 003-3073461 



[&2 0] 



2 0 0 2 



-375423 



^-v: 31/ 




[0 13 4] 



miiE# 2003-3073461 




#M 2002-375423 



ojffc, ^Xi^, N ( M ) Uf7^S5 2) tov.TRi 

«t o a*** c* y •< xmtnm<o*>&; < xm * n k 

5 ) © J $ & W«Xtrfe>r ^ X*#Jt Lfc tot LT36«$*l* 0 
[0 13 5] 
[ft 2 1] 



[0 13 6] 

^fc**U wL* k , wa* k , wb* k i±, *«IMHMt^O**#»t«»t 
o ' * XfcfctBB* , N (M) fcLttt, *7-ft-hO#A-.f^,N 
[0 13 7] 



tBfE#2 003-3073461 



[#2 2] 



Wm 2002-375423 



■| TotalPatcJiNum 

TotalPatchNum J ml * * 
[0 13 8] 

[0 13 9] 
[ft 2 3] 

-a TotalPatchNum 

cN (M) f w . -cW, (A/) • • • ( 27) 

[0 14 0] 

^«EEV (M) Ut7^S5 3) Kov»TRIBtft. 

ftMon«MfC*«6ffiltt««AE (M) a^y-f XftHttflHR^N (M) <D 
-«*#JtLfcffMi»»EEV (Error Evaluation Value) (M) ^(2 8)<7) 
; fiil-7Eli't"<5>o 

[0 14 1] 

mi 4] 

£^EV(M)=/[/{ M> c /i(AE(3f))}+Ar{ WI .*(aAr(J»/))}]- • -(28) 

[0 14 2] 

fcrtfU h, I, j, k, 1, t±, H3ifc£^U well, £A#lt*fc 
imftEEV (M) 35**/>fc4AJ:^^i;-T-rhy^X««kM*ft3e 



miE#2 003-3073461 




#H 2002-375423 



[0 14 3] 

ogTfc, 'J-7v^vnii:M^gt^t Uf-;yS54) Hour 
RWi"*o *"^S5 3k:J:0jyiLfclF«WfcEBV (M) fc*aHfc*-* 
SMLTV-77h'jnitM^^n o fcfc, ^f7 7'S5 4T1i, 
wcWwnJIil:^ M*(*Newton^Steepest Descent fcXtt Con j uga 
te Gradientffi**H»T^^i; XA Ltfffl LTj^**r*ifc*affl U 

[0 14 4] 

ftf t:i M f 7 7"S 5 3 tSi L/c"^«tE E V (M) numizttt*** 

II A E (M) t»k*-*fcfc*oy-fX|tfti*tt««*N (M) Otftom 
MKioTfeffilttSiAE (M) fc^X««H»aN (M) <o hi— K* 

^^^^ l**ffi*U WICECT iJ -7v h V^^MM^ 
MLTfeSltMAE (M) aify-fXft«tt«« aN ( M ) ^MfSi-^C 

[0 14 5] 
[0 14 6] 



ffifE#2 003-30734 
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Mi. Macbeth Color Checker (2 4^*7-^ 7 f^) fcfcffi U 
JRW*tt, D55fl (CI ET£***l« 5 5 0 Ok^fjb) 

[0 14 7] 

°^ { - ftiafflWAE (M) 036*|tfT*d Uf7yS5 1) 0 g^-fe 

>tO»*ME**J tO«*^T«*««vis (il#400nn^700nm) 0«B"C« 
^LJtiKioTA (2 9) <0J:-5J=3»StL* o 

(2 9) 

ao^^^ e ^XYZ ref _ k (X ref _ k> Yref _ k , Z ref _ k )^ * ( 2 9) fcflju-c 
5$ (3 0) oi-5;;^tct^ T .|| )o 

[0 14 8] 
[#2 5] 



} 



a, 



y^_ k =mj^R k {X)L{kyy{X)dk ). ...(30) 

-™J\***(A)£(A)I(A)rfA 
fc£U R k (X): Macbeth^- -V — h ^©fe^^S^j-^— 

[0 14 9] 

illfrfi, ^ (31) *ffifflLTXYZIS!nofe*L*a*b*SIWO'fetcSejfei- 



£BliE# 2003-307346 



#£g 2002-375423 



[0 15 0J 
[&2 6] 



36/ 



Z*=116(y/F„) l/3 -16 "I 

a* = 500 • tx/X.Y" - <Y/Y„)" 3 } L . . . 

fc* = 2oo{7/i;) ,/3 -(z/z n ) 1/3 } J 

[0 15 1] 

fc/*U (X n , Y n> Z n ) li x S^&ffcKIt® (Sjft) OXYZ{jf£^L 
[0 15 2] 

-e-LT, BWfeXYZre^*^ (3 1) ^KLW ref _ k (L* ref _ k> a * re f_k 
• b *ref_k) l^&lr&o 
[0 15 3] 

k> G raw _ k , B raw _ k , X raw _ k )(i, j£ (29) £/Bv>& £5$ (32) (DXiizftZ 

o 

[0 15 4] 
[&2 7] 



'(32) 



=mrf^R k (XyL(X)r(K)d*. 
t = mgf^ R k (A) • £(A) i(A)<tt 
-«*/*^*(A)-X(A) £(A)<*A 
= mxf^R* (A) • L(A) - J(A)<*A 

mr=l/J\ Z(A) r(A)</A 
ms=l/J\,i,(A)i(A)<iA 

[0 15 5] 



ffifE# 2003-3073461 



2 0 0 2-3 7 5 4 2 3 



'i-TvF^ 9 5trawf- *RGBX raw _ k (R raw _ k , 

G raw_k> B raw _ k , X raw _ k ) ^'j-TvF^ *#ftM(m 0-ml l)^t'J 

3) -9 

[0 15 6] 
[ft 2 8] 



X 

B„ 



raw _k 
raw k 
k 

rma_k 



m0 ml 
mA m5 



m2 
m6 



m3 
ml 



m8 m9 mlO mil 



raw k 



raw k 



B. 



raw k 



X 



raw k 



■•(33) 



[0 15 7] 

*LT, -hBSRGB cam _ k $rXYZ^tc^m-r^o *ib\ &JfcteJ±, ^ (3 4) Ktf 

[0 15 8] 
[ft 2 9] 



X 








" 0.4124 


0.3576 


0.1805" 




7? 


Y 


= ^709 ' 


G 


= 


-0.9689 


1.8758 


0.0415 




G 


Z 




5 




0.0557 


-0.204 


1.057 




B 



[0 15 9] 

° ri - * (34 > X cam _ k , Y cam _ k , RtfZcanUc****,, 

[0 16 0] 



mtiE# 2003-3073461 



[»3 0] 
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^-v: 38/ 







• 0.4124 


0.3576 


0.1805 




com _h- 








-0.9689 


1.8758 


0.0415 




cam _k 


•••(35) 


Z>camjk 




0.0557 


-0.204 


1.057 




com ic 





[0 16 1] 

* (3 1) ^KLWKLW^kdVk. a* cam _ k) b* cam _ k 

[0 16 2] 
[13 1] 

a** =V( £ v3 -**-._*) 2 +(« v_* -«*w) 2 +<* v_* w) 2 ••*< 36 > 

[0 16 3] 

> ^ (37) tc^i-i^tz, #*5-/<7f ofelof^f i: LT5^tt-5o 
[0 16 4] 
[13 2] 

AE(M) — CAE. (M) 

K ' TotalPatchNum i •••(37) 

fc£U TotolPatchNum = '2A>.i3 : 7—nv3-<bW&. 
[0 16 5] 

ort=, /-fXi&*te*B*«rN (M) OSfegfcfrfrfcd Uf«^S52) o 4 

ftaftOflt-f^tJCd-StLTV^irL (M) ^iC^o'iy -fX-fittttJMlaN ( 
M) «r5cHi-*o 



fcBiE# 2003-3073461 
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39/ 



[0 16 61 

aarii> ^ (38) <D£ ? \,Z<£M% *l&o 
[0 16 7] 
Ifc3 3] 

Noise _*~ = yjShotNoiseCoef ■ CV_ CCD + DarkNoise 



[0 16 8] 

&ib\ ShotNoiseCoef £ DarkNoise 12, CCDJift^Or-Vs^ «t 
i**T** 0 DarkNoiseii. ft-gittcttft L&W >T Xjftfl- (Fixed Pattern No 
ise$)**U ShotNoiseii, y *Xjft«- (Sensor DarkNoise 

, Photon Shot Noised) £^-To 
[0 16 9] 

* (3 1) WBt *J8«HttO kf g O * 5 - 7 f o r a w 

r-tlz&ttiT^ZSJXmfrim (39) OJ:-5»cje«$n*o 
[0 17 0] 



[0 17 1] 

£tz, Jcffi (P.D.Burns and R.S.Berns, "Error Propagation Analysis in Co 
lor Measurement and Imaging", Color Research and Application, 1997) lzi± 

[0 17 2] 




•♦•(38) 



im 4] 




ttSf£#2 003-3073461 




12002-375423 



»AWsfX'=[xi, x 2 , x n ]^\ (mXn) YHjnA 

K<fcoT, Y'= [y lt y 2 , y m ] tCjft^^^^fc-r-^t, ^ (4 

0) <D £ 7 tl&o 
Y'=A • X' ••• (4 0) 

[0 17 3] 
[&3 5] 



'U 



'21 



'»1 



'12 



'22 



(41) 



[0 17 4] 

4 2) COi ^ tC5^$;ft& 0 
2 y = A • S X A'- (4 2) 

fcfc, ^ (4 2) a, «^m-e^-r^>«r t^-c-§^»-fe^iwi±"e<7), Nois 

[0 17 5] 

i fc, MimWsv V-r-vhV? 9 5 J: & y -=itt H; ?x%Lm& 

<om ^■RGB cam _ k 5rL*a*b* cam _ k {c^-t ( 2, £#>H{4 % RGB*£^;&><bXYZ£|f ^<7)^ 
(ttT, RGB-XYZ^mMS^v^ 0 ) *fr4v\ XYZ£F^<bL*a 

*b*£ffi^<Dm&mm (&t\ ra^uvwtmMt^ 9 ) #5a»* 

*o KGB-XYZKJftfeatt, * (34) ^t7 0 9*7fij^M 70 9 tftffl 
L TUM^fi 1 ^ T C i: i * ^, XYZ-*L*a*b*^M!31(i, ^ (3 1) K 

y >f X4«/jNi-e^^ Jacobianv h 1; *XJ L * a * b * fcfcffiffl LtH 



ffiIE# 2003-30734 
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^- v : 41/ 



[0 17 6] 

>)-T-?h ^^^O^^^XYZ^(C^L^M^XYZcam_k(Xcan L .k,Ycan L k, 
Zcam_k) <h-T^> ^ (43) <D X n KWfZ- ttfx£ & 0 
JL*a*b*_k=JoD(XYZ cam _ k ) • • • (43) 
tztzU J 0 fi^ (4 4) t^Z> Q 

[0 17 7] 
[ic3 6] 



0 116 0 
500 - 500 0 
0 200 - 200 



(44) 



1 - 1 

_. a "3.&"J -> 0.008856 

3 b 

7.787 b~ x -s 0.008856 



tTZt^ 5$(45)£&&o 

o d 



o 
o 



•(45) 



[0 17 8] 

7t:i6o^vhi;^xM total _ k {« (4 6) OJ:^;/^ 0 
[0 17 9] 
im 7] 



M total _k = ^£W_A '^709 M ♦••(46) 



[0 18 0] 

* (4 6) <D-?Yi)?xt#, (4 2) ^Lfc/'fXfeiBllloatiUSti 



£BiE#2 003-3073461 



002-375423 ^- v : 42/ 



[0 18 1] 



miE#2 003-3073461 



[&3 8] 



%?m 2002-375423 



o o o 



1 



o o 



I 

1 

I 



I 

! 
1 



O O 



I 



o o 



* * -« 

* * J, 

* 8 b 



D 



* * * 
« * <S 

* * 



§ -8 



10 18 2] 
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^--y: 44/ 




Lfc**oT, 5* (4 7) J: <95£ (4 8) **§ ttf*-£ fcjWfc 

[0 18 3] 
[»3 9] 



at* 4 =^a 2 L* k •••(48) 
[0 18 4] 

5£ (4 8) a, u-r^bv^^asMoMft^o-eaL^ao-t^-t-i 
fco-esfc (4 9) oi^:^if^it^|^ 0 

[0 18 5] 



[0 18 6] 

H)Sr#*LJtBH»»»EEV(lO*^: (5 0) <D 3: ^ \zfe&t * (Xr^S53) 
o SriS^ EEVii, Error Evaluation Valuetf>B&T?£>& 0 
[0 18 7] 
[&4 1] 

EEV(M) = V(h»c • AE(M)) 2 + (wn • aN(M)) z • • -(50) 
fc£ U 

[0 18 8] 

^ (50) S-iii/JCt^Ciotil, ij-jvh^xMM 
**^-f-&o wc = 1 t Lwn = 2 t-t^i:iF«^mEEV(M)(4, 5$ (5 



[St 4 0] 



24 



crN(M) m (1/24) • JaL * k (M) ' • • (49 ) 
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1) t%2>o 

[0 18 9] 
[ft 4 2] 

EEV(M) = VA£(M) 2 +(2 cN{M)) 2 • • • (51 ) 
[0 19 0] 

5£ (5 1) «:^if/Jefft?:ffii>ti#, 'i-77MJnitM^ (5 
2) Wiol^gn Uf^S54) 0 
[0 19 1] 
[14 3] 



M 



1.57 -0.43 -0.01 -0.12 
-0.14 1.25 - 0.37 0.26 
-0.01 -0.27 1.68 -0.40 



(52) 



[0 19 2] 

f/hvh'j^xiiS (5 3) ^i^(:^^ 0 
[0 19 3] 
[ft 4 4] 



1.48 0.56 0.35 -1.39 
-0.22 2.19 - 0.01 -0.96 
-0.06 0.27 1.93 -1.14 



■(53) 



[0 19 4] 

5$ (5 2) fc, ^ (5 3) B^jH^ (5 3) <&^ftO;£tf*# 

two****** < , y a Y »; :t«^ 0 

[0 19 5] 
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#M 2002-375423 ^- 

o *ffe^S^ISOflSJ£OK5g*lS0100^t>IS0200^||L?tfc A.27flM§- 
l±, IS0l00Ofc#O2«K:Jt(IS#tT»flttfe11HA*$*i*o L*U 

i; f>j^ X«JkM«r«ffl LTV-77 h V * *«.3ffi*fr* ) tztb, ISO*® 

£<0W!feW*v»##nii, X^-^oliiI(g^#v\ A*«-^^$tLTv^y>f 

£ tiT Lido 

[0 19 6] 

««M*ftJgU S«p;-Tv h 'J^^ftMm LT'J— 7*7 h 'J **»a 
fcfrfcdo ^lKjjrf idfc, /-fXfi«tttcJt-t«M*ff» (wn) 

*IS0MO|^|c^CrafHk-cS*J:^k:u wcR^wn** (5 0) fcft 

[0 19 7] 



tfiSE$f 2003-3073461 
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^-v: 47/ 



I ouig<ia vj «x ac. 


tat r% 

w c 


w n 


100 


1 


1 


200 


1 


2 


400 


1 


4 


800 


1 


6 



[0 19 81 
[0 19 9] 

> ^2^fct9^, ^-rX©^tttc^i--i>S^i5: (wn) 
Cr^fbT'#^>J:d |:u wc^wnSrs*; (5 0) CftALt, 4fftv->r 
ttcv^Tvh.;^x#iJ:M^^i-^ 0 Lf:#ot, «ffi»fit, 
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